Abstract: This paper deals with the study of the numerical solution of biharmonic equations in one dimension. Biharmonic equations appear frequently in many areas of engineering and physics representing some phenomena. The solution of such problems have been tackled by many authors. In this paper, a numerical method based on the Adomian decomposition method is introduced for the approximate solution of the equations. The obtained results are presented where only a few terms are required to obtain a good approximation to the solution. This shows that the method is accurate and efficient.
Introduction
The decomposition method has been shown (Adomian, 1994; Adomian and Rach, 1993; Wazwaz, 2000b; Kaya, 2004; Kaya and El-Sayed, 2003; Wazwaz, 2000b) to be reliable for solving effectively, easily and accurately, a large class of linear and nonlinear, ordinary or partial, deterministic or stochastic differential equations giving approximations which converge rapidly to accurate solutions. In Khalifa and Aziz (2000) the collocation method with low order trial functions generates sparse algebraic equations while the use of orthogonal trial functions permits methods to achieve high accuracy. This is clear from the numerical results tabulated in Khalifa and Aziz (2000) , in which we can see that so long as the degrees of different trial functions are almost the same; the use of splines give better accuracy. Application of splines is much easier because the evaluation of its values and derivatives at the nodal points can be obtained easily. The basic motivation of this work is to apply the decomposition method to the biharmonic equations (see Khalifa and Aziz, 2000) , as it is known in the literature that the algorithm provides the solution in the form of a rapidly convergent series (Wazwaz, 2000a) . The implementation of the Adomian method in Adomian (1994) among others has shown reliable results in which only few terms are needed to obtain accurate solutions.
The governing equation
The biharmonic equation in two dimensions takes the form (Aziz, 1996) ,
while a biharmonic equation in one dimension can be written as (Khalifa and Aziz, 2000) :
where B (u(x,y) ) and B (u(x) ) represent the boundary conditions in two and one dimension respectively.
Analysis of the method
Consider the fourth order differential equation
where v 1 , v 2 , and µ 1 and µ 2 are constants and f (u(x) ) is a nonlinear part in this equation. Equation (3) can be written in the form
where the differential operator L is given by
The inverse operator L -1 is therefore a 4-fold integral operator defined by
Operating with L -1 on equation (5), it then follows
where c i , i = 1,2,3,4 are the constants that cover the required constants u(a), u′(a) u′′(a) and u′′′(a) which appear in the analytical computation of
; the constants can be determined from the given conditions in equation (4). The Adomian decomposition method assumes the unknown function u(x) to be expressed in terms of an infinite series of the form
so that the components u n (x) function will be determined recurrently. The method also defines the nonlinear term f(u(x)) as the Adomian polynomials:
where A n are Adomian polynomials that can be generated into the form of nonlinearity (Wazwaz, 2000a) , as follows:
Substituting equations (9) and (10) into equation (8) gives
The 0th component u 0 (x) is identified through all terms that arise from the boundary conditions at x = a, x = b, and from integrating the source term if it exists. The remaining components of u(x) can be determined by using the recurrence relation
followed by determining u 1 (x), u 2 (x), … and finally obtaining u(x) from equation (9).
Numerical results of the biharmonic equation
Consider the following problem of a beam of unlimited length, which is the same example adopted from (Khalifa and Aziz, 2000) : 
Computing the first five components of the series equation (9) we get the coefficients c 1 = 6.29894, c 2 = -1.21314E-11, c 3 = 7.38906, c 4 = 6.29894 and u(x) approximately given as 
An important remark about this approximate solution is that the solution by Adomian decomposition method is a continuous function and not discrete numerical values at knot points as given by finite element or finite difference methods. Comparing equation (17) with the following expansion of the exact solution equation (15) 
We can see that the Adomian decomposition solution gives a good estimate to the exact solution. Table 1 shows the numerical comparison between our proposed scheme and the exact solution at a selection of points. It is clear that the errors involved are very small. The following Table 2 gives a comparison between our proposed scheme and other methods (Khalifa and Aziz, 2000) . 
Conclusion
A numerical scheme of high accuracy has been proposed for the numerical solution of biharmonic equations. Although a lot of work has been done in this area, still more work is needed for nonlinear equations. In the present work, the function representing the approximate solution proves to be a good estimate to the exact solution for the test example. This suggests wider applications of the method for more complicated problems and we believe that the method can give very accurate results for many problems, especially the nonlinear equations in which the exact solution cannot be determined.
